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(54) HEAT TREATED ARTICLE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent cracking caused by air cooling and the defect of white 
points in machine parts in a short time, to improve the toughness thereof and to prolong its 
service life by executing heat treatment in which the parts is isothermally held to the Ms point 
of the noncarburized part or above and to the A1 transformation point of the carburized part 
and noncarburized part or below at the time of cooling after carburizing or carbonitriding 
treatment and thereafter executing quenching. 

SOLUTION: Before the stage of isothermal holding, in the case the temp, reduces to less than 
the Ms point of the core part (noncarburized part), martensite is formed, and also, it lies in a 
state in which a large amt. of hydrogen remains to increase the danger of causing air cooling 
cracking and the defect of white points, therefore, the attainment of its temp, to less than the 
Ms point must be avoided. Furthermore, in consideration of the efficiency of exhausting 
hydrogen, the isothermal holding temp, is optimumly regulated to directly below the A1 
transformation point from the point of preventing the defect of white points. On the other hand, 
the temp, at which isothermal transformation swiftly progresses is preferable from the point of 
preventing air cooling cracking, and the one less than the A1 transformation point and also 
lower by 30 to 50° C is optimum. 
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[0 06 3] ^Mi-raKXtt«fl£a{fcftK±ja5LteA 

v*f>t-f h ©sa**5 5 % j^tk: * s tiaffijf b# p B ^ 

t (Hr) iMo, Ni, Mn©iln©Mi(moJ: 
5tCft^„ 
[0 06 4] 
1-0. 3 xMn) - 1 8. 5- ( 1 ) 

iz&mmit) B#Ra*jg < a o , ***s«4i «: a *j *t < 
as. 

ea^as^^^tc^spjis^ji-rsfsi. ata 
mvtmt&i&BKDt-xfi-j y <p<DmmiSkm&m!>? 

5. CCD««"CA l SEM^MT{C«JS*HSTr*£v ft 

ton-Tic, «Btt«{b«i©ffl^fb3i*flBtfl«jK:Jltf or* 
i » . MS t^<t«ti&«(S^RiftK^i«2l> L, r t > -5. fc* . 

-gPBS%*tcs«p-?-s *>©©, $sg«M{b^iia«© 
h©*ftti«sac6-r. attft{t-fex>*-< f©^ 

-3- c/mina±©igt, i?f/E©tiaffij#a£* 

[0 0 6 8 ] ^Sft^JSOfcti^, 2 0' C/min 

gg©^*pjigrji^*Hc^ip-rsc£*iSf*ot,^ c 



(8) 

13 

tcifi-z>X< '{%mmmt2-2 0° C/min, *?i£b< * 

[0 06 9] ttc. mt&&fto&mcx&ws<,cffi3£<Dm 

i a .^teARS© ^ -r n & d £ jt^*^ t. & . u # 
^sp©m s .^Tocse^fiT-r &©«:*£«• m-mif & 

[00703 *8:. M<D<t^!&fr(DitfmtJ:mmm®( / C-r> 

ora^s. %um.m%t?z>. 

C: 0. 2 ^XtS^^t^aB^ 

#fi<&9, mtm£.m&&mit? h-is \ o. 5%?: 

0. 2%~0. 5%J)W£Ll<\ 
[ 0 0 7 1 ] S i : S i ttSSW3B#«:l&ffc?iJ<b UTfOT L, 

mt-tri>(DX\ S?£b<»0. l%<hL//cC^ if 

±. tsM* ^ ma?s^{bB$tc-e©t*^ § vMmcm 

4>T£C££&6©T\ Si©MlB0. 1%~1. 
O^/WSH,*. 

[ 0 0 7 2 3 C r : C r tt«A*x14£[6Lh;*-B\ Kite* 
fr.k, ^aiie^0*iSr-ti*i«j^*^©(^±K:®:K 30 

3£0©T\ C r ^W*©TISfii« 0 . 3 % £ Lfct,\, 

0. 3%j^TT-»-e©M5ja^m^^i < ^ ^-itc 



#IS¥ 1 0- 1 6 8 5 1 5 
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U «^«£^*<5T31*<5©"C\ CrOMlB 
0. 3-2. 

[ 0 0 7 3 3 Mn : Mn «&Aft14£[5]±$ #-5 ifttc 
Btg^-X-r^h (P©gAT-C'©te^ f 3»#CcW 
») ©*g£7C^r-4>^fcfe, SSKttMMO. 2 

<t£T-T-5)©T\ MnCtffttO. 2-1. 5%*W 
[ 0 0 7 4 3 N i : N i te»©g£Aft14£l"l±3t!\ $9 

*S«0. 3-3. 5%*sjf$L/li. 
[00753Mo:Mo tt*©*AftteRCflfcR UfMb 
jaftttSrigAS-e, «Sai<b«:«fc»)aiHB«:K{fc«j. 21 

*©*&fttt0. 3%^±©^*fi-CgS*£tc-5. b*>L 

tiO. 3—1. 5%#»3ELt>. 
[0 07 6] S : StegS^Mn iM^L/tMn S/1-£E 
^iL-C^-r-S^, Mn S£*ifc©W®#**©h7 
? Y t & 2><D'Cm&&%lS&)X 0 . 0 2 %feTRC 

■r •&©##* 

^K^fS-rsfe©-?**. 
[oo77]i3 tc7jk?mm<Dmm 1 -9 

NU2 4 OtBS'J 2 0 01ico^t;X©A-F 

[0078] 
[3133 
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0.22 


0.80 


0.08 


1.48 


1.00 
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0.33 


0.21 


0.81 


0.30 


1.47 


1.00 
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0.32 


0.20 


1.00 


oso 


1.50 


0.87 
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0.443 


0.41 


0.70 


0.08 


1.48 


1.00 
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0.32 


0.21 


0.5O 


3.20 


1.48 


0.41 


28 


7 


0.32 


0.42 


0.15 


0.08 


1.21 


0.25 


-12 


8 


0.23 


0.32 


2.00 


2.00 


1.49 


1.80 


49 
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0.32 


0.55 


1.00 


4.00 


1.48 


0.49 


41 



[0 07 9] 
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[0 0 8 0] [i®lA]SS9 3 0-9 5 0 e CT'6 

i\ 3 oD#pjtia«jfa v s»*t£?&u * 

1,>T\ 8 4 0-8 6 0* C^3 0#HHSJ#L/d£. *SA 
ft («Mt*MQ«> *tfC^ 16 0-2 0 0° C 

[ttIB-l]^S9 3 0-9 5 0 8 C"C6 0H#B8R 

»*rfiW&U 8 4 0-8 6 0° Ct3 0ffl 

6 0-2 0 0° C"C2B#H<D«SRL4tf ^» 
[KWffllB-2] SS9 3 0-9 5 0° Cr6 0D#HR 30 

fttrWNa^L. 5*1^ 8 4 0-8 6 0° CT3 0 

T\ 1 6 0-2 0 0° CT2l»n©*SB5L/*ff5. 
[»IC]SS9 3 0-9 5 0' C-C6 0B#HRx^7 

1 0B#|BlI»«fSSL Sfi*rffi?&U 840 
-8 6 0° CT3 0#IH«J#L/fc«, IAn (flMttttffi 
ffi) £tTl\ 1 6 0-2 0 0° Ct?2BSPilO« 40 

[MID]Sg9 3 0-9 5 0 < CC6 0 B^R x# 

*+x>y ^^^©afflfil-ciftRftffofca, A a se 

3 0 B$|tnS»fi8#8L ML**Cffi»U 840 
-8 6 0° CC3 0^IH«J#Lfc«. ^Ati (BMfcSfcJffi 



a) ^-c, 160-200 0 cvzmmcom 

[M1E ] a89 3 0 — 9 5 0° C-C60B#paRx^7 

Rsa*ffo/c«. A a ^ftSWToeso' crii 
#x^£P£m\ 5i#«*3 0H#imia«»«, 

"C£#U 8 4 0-8 6 0° Ct3 0»FI«f$ 

l/fc« ? ^An (IMbflMfiB) *tfl\ 16 0 

-2 0 0° Ct2W©Igl*tf^ 
[flWBfflF] SK9 3 0-9 5 0° Ct 6 0 B#P3Rx H 
X+x> y y^ijX + TZs^-T'tiX 7%<DWm&Vm: 

vmit%n-?tc&. mu&vm&L. -x^-c, 8 4 0- 

8 6 0° C~C3 0#HHSf#Lfc« k ixn UKfttttfe 
ffl) *!ft^ 1 6 0-2 0 0° Cr2B#|ffl<D« 

[0 0 8 1 ] A — FOl^MS^tf ofcy>£Wcol> 

)l<Dm*$k*N= 1 0 0 0 r pmTlf^l x 1 0* IS£ 

frB-Ft1Ji3©Itl, 2, 6CCOlirCE>*W«* 

[0 0 8 2] 
[*53 
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/■____ \ 
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0.18 
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86 
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0.20 
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88 
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0.23 


2 


82 
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0.34 
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0.61 
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63 
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3.50 
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45 


70 
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41 


3.24 
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1.34 
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1.29 
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4.01 


100 


68 
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2.48 


28 


4.23 


100 


75 
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1.34 
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4.32 


100 


66 
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1.29 


6 


4.03 


100 


62 
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Z48 


28 


4.65 


100 


74 
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1.12 
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M 
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1.29 
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1.05 
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63 
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2.48 


28 


3.56 


54 


70 


it 
fll 
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1.34 


7 


2.65 
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67 
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1.29 
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2.52 


10 


65 
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! 2.48 


26 


3.78 


75 


72 
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; i.34 
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0.31 
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89 
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1.29 
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0.45 


0 


86 
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2.48 


28 


0.38 
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91 


it 
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1.34 
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4.00 


100 


66 
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1.29. 
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3.86 


100 


67 
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2.46 


28 


4.33 


100 


69 



[0 0 8 3 ] [wiA] c©**ra*ttTH:. mmi «rc. ^mxtimmmc^^mxtimmmm^ 

6*aWctIi&#JtB*Pil t (Hr) ^5-2 8 B$H<DfiH 30 B - 1 , B - 2 ] C ©HMOTfltfrT tt, tlfi« 

r*>^ a^tt^B&cm»wn©^©pjffitttt*» »s»riB< scoria'. 

fcffi^. L36»*>. -^^n^©^l/^>1f^ h3H»» [0 08 6]MB-liB-2^]:tl5t^i, ^ffB 

[0084]-^ ssss, 9 (Jtts«) *«:SPasn4****y>tt<, *fc % *frB-2«* 

fr6*ttiSftS1Iffl«JSB#IHt (Hr) #4 0B#IUU5Lh frB-l<fc9«*©*3R^^4ppm«±(DWtitt* 

tts/c«>, 3 0B*iB©«#«FiB-r»*tiiMaR3&^7L"c 40 «fip*iSLr^ftc>©r, zi^An^c^^-f >if w 

ft, O^fe, 7k^ffiK#3 p pmGDjglMB^rioTl^ c>„ 

te*. M«nR^a*tt^l8©l^nfe*s«4t5ft [*UBfflC ] MS 1 . 2Ti2iB4 ] ©7KiftSK^ 1 p p m 

*%7Lt^rt», ZL^Ati^arcDv;Ux>1t fctK ft»»nia*14^IB*siD4ft»14tt(Sir^ * 
-f HMI©aBNB^b3W+»CCJltf Lte&^tctc&X'&Z. fc % fiftttftfeMai* 2tti*lHH*5Vr. L#>U M 

[0 0 8 5 ] Sfc, (Jt«W) te^#7tJSMn, a6TttM*©*M»ft^3 p p m«±i*t*©K:jaD 

Mo*OSlJII14^4C*» l tlfi^£*££&< x., h®S^£>^< > ft»«*iifi*tt^ 

**Bfc<6TLT<r»-5. Chtt^7E«©«ftI**«5l>ttr 50 «fW©10«HH*s. (1) **6«BSh4Mae(0* 
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{6ffii#5tt1Ifi«J#ISIHI (2 8B#H) K)ffLtItfS 
iftiCiA, ^*S.#.itT~6 0 0° CCDtlSS: 

E^b^-fbugis^gii^c t^s^ns. i,icifi-> 

X. &Aftt£f°l-k©fc*MC. §B«6, 8, 9©J:^S:* 
^iiiCf £i#g*S$>£ 0 COcfc^^^tCU. No. 
6 © <fc 5 &WBtt 3 0 B^PelfiSOHSffijt^T^ C i 

<t*>"5Jt^C&€>,, 10 
[*&SD ] l^-ftKOmm 1,2,6 kiS^©**?^ 

#> taMgmommm < mm^j l x t, » & t, > ?c» t? 

mmvfrteib-fiSM&immicis^x ^mmici^m 
$mj;mzmrL<Dffi±. %m<D®.mm&xm%)xib 

[wf] mi?mit!i>m.%MLtct%-i$x fetish* 

JgUrt^cCt^c*. ±#L«iJO : ffi^#B©*§ilr<!:|a]«l 
g-&l / cBf$,£tiX^&tc&, &g&X.<mRtf%ttfimti%i 

[0087] #.tc. *mw<Dm2 ommommmmx 
hzmnmsi (3?2©ga^c*ftEo tc^uTiftHj-r^. 
a*. comMmzmxit. Mifptut, km. h 

[0088] £<Dmm<Dfcm(Dm$:te. mm&wt&m. 

•?.>l/-f>lM h ©ffi»*# 8 0 %J-Xh£fc« 1 0 %JiTF 40 
t l CLtci><DX$)?>. 

[0 08 9] JWT. I^if-r a^Sfcteits^b^S 
fcjmc , i5S£# 19 #S:SP D n a £ A-m^©*^^ 

a£tt©AP§K^TISSWS£^T5<b, 5?nail so 
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>1M hA^^L/TfcD, c©^'> Ktfi©-^^^-^ 
h ®®c8&m.* t LXmti&§£$L OX b>£ C £ ^«HJ L- 

[00903 fe^tun^oi-i-cii, ^aiB#tcSB D D art^© 

©^H©ffi« i <om.mm t <dts x § 1 m 0 js* l- n 
ntc^^ 0 *isB§^ii, c©^i^m<tL-c. mmftx 

[0 09 1 ] S *tt^RS»> ^Kfttf©^^* 3 !^ 
SS©>%iPB#^-®agBf«:iD^fe©r\ KM©KM 

ic&mtz&ox&z. m^tcitmmmitwmmat 

— IS;WK R x #x A^ffl ^ nt <o . c © * 

3 0%©7K**^*tirt^-s o c©*^^ gp^tc^ 

[0092] &.Ticmmcm.z, mmm&zm^z. ± 
e .£t4©Kfi§ i . tt^to s^n mu.mm t vmmic o 

c <ttc J; 13 . fUti^e^tt^PS©^^ 

<b % -e-©ffe©ffi^i©^®«*5^u. MunKi 

[0 09 3] iM(C-7JU7->1f -Y h©ffi»^?r 1 0 

%&crt?z>z.tx-*>. ±iB<ti5itt©a**>6f(in«^ 
>y-j v<Dwmm*8 o%w±*fc« 1 o%«T^pgs 

[0094] e*tt^RStco^-r«, *©$&fcSH#8l 
pe$fc«S^{bB$©RX^tti©^-C*D. C©* 
cfa tc^B#iajB| $ nt ^ -5. fe ©« <i:"JilB v;u^>-9- 

jtRa<fc^IB3&*5 0l^iai*«*5ti^. v;U^>1J--Y h 
©BfUSt** 8 0 % JW± * tt 1 0 %«Tf a i . S £ 

[0 0 9 5 ] ^tc. ^©<fc^^©Sf WtWBUBXSO^ 



(12) 



c : cbo. i 5%7Kffix-it. miKitcii&vmitmm > 
<mmfi&<ttQ. &m&tfMtrz. —is. o. 50 

O. 1 5%~-0. 5 0%<ff £. 

[0096] si : si itmm&ticfi&wfrit uxmar 

S4>CDT*i*s. 0. 1 5%*SI-C!iBiK^m* s ^< . 
gfc. 1. 0%£ffiA*i^£fcti&i^-(b©i?6*: 

sb, Si(DtWtBO. 15-1. 0%i-t&,, 
[0 0 9 7 ] Cr : C r tt*IA<ate*fiLb3-£SJ6*B 10 

±(cS3£-3©-c. C r ^m<DTm.mX0 . 3 0%it 
•5. 0. 3 0%JiTPC«:, ^©^MMI^^&C 1 . £ 

fc. ^atcsara-r z t . *®fc c r m\mm^ sn, 

0. 30%~2. 0%£t5. 

[0 0 9 8] Mn : Mntt*6AiT.tt*GLfcS-&5i#tC 
Igt-^ft-f h («*iEAT-COlE*Ji53W>«:W 20 
*&> 0^7C»-r*Sfc*. TPM^O. 3 5%i-T 
■5. fib. 1. 5 096*aA4ifflWtcJ:4*««»ftJ 



^S^Fl 0- 1 68 5 1 5 
22 

flnXtttf* f < iTtSOT, M n ©SffSti 0.35 
%~ 1 . 5 0%£T&. 

[009 9] Ni : N i ligl©£Aft14£fo]±3 if . 19 
[0 100] Mo :Mo ttM©«Ah14te J: CflWHOtt 

»^a{btc«t»5«ffiSiicKfb«i. a{b%fc 

Mt^l. 5 0%*®K.-Cfe-e©3a^«^]±-t± 

r. ««ttwirc*=i* !•*«*< a *©r. m 0 ©mi 

til . 5 0%JiTF#a£Lt,\, 

[0101] S : SfiSItfOMn iMnltMn S/rg 
Lr^ar-5*s« Mn S iSi6©l¥ffi*i*5R© h 5 
? ^ -Y h £ a 5 ©tr»8n£* w«&r 0 . 0 10%«7 

!lfc>tt)£-f-5fc©-c*-&. 

[0102] 
[«6] 
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Mn 


Ni 


Cr 


Mo 
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0.30 


0.25 


0.70 


2.00 


0.80 


0.31 
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0.40 


0.21 


0.80 


3.20 


1.20 


0.25 


I 


0.20 


0.21 


0.60 


0.05 


0.90 


0.02 


J 


0.20 


0.22 


0.65 


0.08 


1.20 


0.30 


K 


0.45 


0.40 


0.60 


1.50 


1.50 


0.80 



[0 10 3] *6tC5VJ-«Jd5©««G~K£*mil/ 
T. NU2 4 0l^lSt@^ 1 J>^^^©Ml~M4K:7n-r 



[0 10 4] 
[317] 
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[0105] St^Hn. BjStt&KQfMEIS. »7K:jj* 

-rr~v©««Mtt:o#2 i o«©y >^*«ff u & 
[0106] a : s«»«st*yc©sfefr-c!Tofc. 

Jii£f£:2. 2 5MHz, 5 MHz, H*^7 

s#&8m« usd- 15 b*^7^ y?v-?— a 
[0 10 714*. ^aisn/cis^, fiai©»jea. w 

[MlMl]gg9 3 0- Ctl 0 0RfHRx**X + 

[^A0SM2 ] 3 0" CC8 0«xW + i 

[IW1M3] SS9 30° CT5 OBfralRx^'X+x 
>y ?*#*©#Hft-Cit«*fT«r». ■€■©«, 

[&M3M4] fig9 3 0* CT3 0B|P|Rx*'X + x 

>y »*^©#H«tsuK*fft». ■€■©«. jpjfr&y 

[0108] JifBM 1 ~M4©«j^*fcttja^S'fb*D : S 

$ff-?ft:fft. y>^i offltco^rtttfiHittSiKiD v 



r820~8 6 0' Cf3 0»r3SML/fcf. «SAft£ 
'X^r, 1 6 0-2 00' CT?2«#IHI©4gRO* 
20 'iT-otc. 

[0109] gcfttJti. ej*H4^BBSF'f»0*ir* 3 &ia 8 *s 

«fc£>*m 9 &c^-r. m s 1 o o h r ©<t #©& 

[0110188**1. 1 0 0«NB4®^BiaeS*ffr> 

to >^(cfeiir, vj^>-9--r h Bateau o%jjtf 
t?tifjn«^b4c»4>©© (*) , io%£*g;t££ 

«tl©*£*iBW>&ft (T, -f. x, *) , 4 5% 
30 tf-i'i&O. 8 0%£a*£££»n«#&£Lft<& 
S <*) . 

[Oiii] c©fc«>. -7;U7">-y--Y h©BSU£©l&5E 
^10%aTSfcB8 0%«±tWc. *fc. 7r>^ 
^©W^tCiOiS^^aa^r^^fciS^rtt, p)— 

Mmm-c&h <*> . ##£bj©v;i^>im vmmm 
40 [oii2iB9j:o. &m&tci*m&mimr&&5 o 

(W, x, i 7 , ir, 3) fy >^KS0tl^<%4. 

*< 4-,r^ < . 5 0 Bffl^T©S£*fcumttSfb5 
HTii, SHn^m«^j:<&-£.fe©©v;U7 i >-9--(' h 
fg$4 5 %fc'J;0'6 0%© U > ^ (t. V) K— 

ay>ss©sin*ssg©6n-5>. cn6©c<t *^hj 
SB#ra* s 5 o^H^ffi^-s^. sp^, *§>©$£# 9 # 
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25 

*4isan>*** <*3©aB«jtcwi6) c© 

— 3*5, *©fiS##*«96-C. C: 0. 2-0. 
5%, Mn : 0. 5 — 1. 2%. Cr:0. 5-2. 0 
%. N i : 0 . 6 %&LT. M o : 0 . 8 - 1 . 5 

mn>'££.mvtj:*). mmm^tmmmitnm^<o>%& 
mm£<t<to<Dffimmo>tt# o . 2^±. o. swrt 

[0 1 1 4] *r. ^^l©ftffl*5«fccWttffl©BOTW 

^ft^oii-ci^is-r^o 20 

C : tASit/CjBSfcR? (HRC6 0«±) 
«Mctt. 0. 2%&±&mztix\,> 

jffia*»Lr«ffi«{b*tf o. 2% 
«j*i3fojWi»*5fiTrs. 0. 5% 

<<£T-T5. JSOiJ: *> 
£0. 2%JiLbO. 5%tlTi-r^ 0 30 
[ 0 1 1 5 ] C r : C r tt&Att14*|nj±<*t»\ Sift* 

■H£#S^*W»S©tcaK:S-3. Cr*J»©TBM 
tLXO. 5%it/fc©tt, cn«Tf«-?-©^}JtMim 

TSti-S. Sfc, CrMt^TfSi, Cr^C, 40 

8tfb»©J&fiSK:SF5-l/tt< tt-5©-C. a*K»Crg 
?TS©±|Sg<B£ 2 . 0%iti. 

[0 1 1 6 ] Mn : Mnti|SAntt£[6j_t: 
K^gAT-C©K3&sO*#tcWJ8!i«c«a^-^r-± -Y 

h©£j£7C*-C$>D, MnOttiBtfiO. 5%tLh 
fcfcU Mn«^M©^ hSrSgKbf 6tc 

STC£> D , ^W** s 1 . 2%Mi6i. teRfl&nittAi 
*l<<{£T!r&©T\ MnCDSWfBO. 5-1. 2% 
#S£lA>. 50 



ftmW- 1 0- 1 6 8 5 1 5 
26 

[ 0 1 1 7 ] N i : N i t^©*5A*itt*ftLhSl*. A 
«gAT-C©6#9pifrtcW5$S&»S*- h© 

i»*0. 6 ijftgHfeWfiSSfi. ttc. 

W&iSttHin* *•#*<&•&©•?. N i ©^ffSttO. 
d%&TFt Ltcl\ 

[ o 1 1 8 ] m o : uoitmcomxn^RummLmt 
mats-tttsa. m<£^fc&t>ti:mm&mi$kx 

-fs. #&t. c r -Moffl-c«-iz;<>*-r h©ffe&cM I3 
c s m<Dmvtoi&6x}&-t&. z<offlt<m>wm-o\,*x 

\t%±l<cmhiP<<tZt\X^ti\,*tf, Fe ;i Mo z CM 

<Dm£k<t®mx-<hzcti!fiif&ztixi>2> ( B**mm 

«19fI#I W*Si*f#tt ±MfiS ft 
^i^jcS (±) 1971^12^60. 1104 
3-1086). 

[0 119] C©a^{b!g5©^$ (Hvl 4 00-1 8 
0 0) B. -fey h©S5i* (Hvl200~160 
0) (B*#^^#S1 ttffi ^©ia»^t«4*4 
ttflttTO 1 985f6^20H M 1 3 7 ) «fc 0 <£>A 
* < > I(CC©Sftft©M • (KfttcttM o JDR?-<D«t& 

J#l>fclK(Cffl*fb*JiS<. «ffl»»t»aB*»«fc*i-CWS 

©jWfr&fitcsM*-*-*. Moawj<b»©«THia«o. 8 
%u±.<Dmmxmmtb?>&> **»a*i. 
zt^itrnwrnxitux^owmztm l . & 

fJ&^ttHirJX h*5igf<^5©-C > Mo©Mltt0, 
8-1. 5%*ig£Lt,>. 

[ 0 1 2 0 ] S i : S i «i?IBB$tcS^tS^Ji LXftmL 
WAt?Z<DX. *f$L<«0. l%itfcl,>. SEfc. W 

^t5Ciia5©-C. S i(DMl»0. 1%~1. 
0%A5g$ L.t,»„ 

[0 1 2 1 ] S : S«IHif©Mn ti^ltMn S^>fi 
«JiLT??at5*s i Mn S<tSffi©|?ffi*S7j<«©h7 
s> h ttt5©TJ»j*ffi*W«>-C 0 . 0 2%JiORc 

■T-5©^$?SL.l^ 

ic-o^x, mmft&m*. xmrnrnmottmcis^x 
mmgzft tc£ixmtitt / cmoi,>&m&£.cz>ct$:M, 
mute bp*,. 

(1 ) as*4c>tt»Ka[<b*!iffl«. Sk^ofcw^Kv 

{btJ©«TfcBd5^^t< . JS3&4&4&S. 

(2) «K*4t>tta4«a6<b*!isa. t»ofc/^<-5^ 



Sf'P/BiCtS&Oi^jt^ft*. Mo^SircW:. j&A 

_B£ 1/ «fc 5 tc M o ©ffiffc# ill, s fc#> tcMo b 
MOWtf&KM IH«:B U M o «R<fc«»©«HJW:4>tt 

[0122] K{t««*J«^>-rs*s*. 
«e*£> S (,> ttS^-f bf£©J£*p-ejF&£ 3 ft & t- > D- 

[0123]-*, (2)©IftilT, a^^WJ 

?Srei{ffig*>6i,^U7x7>f h+^-^-r him 

ifcoTt^Sfcab. «Atifitt«:tt«!iL/fclB«:-»'J— 5-/ 
[0 124] afc(ffl»«l/fc^k«»©t>±»S»* 

kj:»a mmmm<D*-*T-r4 h*sii&©ffl*{b;w* 



(15) 1 0- 1 68 5 1 5 

28 

[0125] »^*4t>tt»gaf<bac!>«**7 ^7 -c 

[0126] »f®*S*Ifflt5*^, 1 

10 0 o%STLri^©3^a*Lt»*s. es^Btra®^ 

^©i»KJ:0 7;l/f>if>f hiSMSht, Moftro 

[0127] fct, xmrnm*. frfrzmmm-ftm 
7^©S)S D a Daffi©Moa^[b%aicsa-riJs t feet 

20 [0128] ^8(C^L/c^ai 1~ 1 6(COt,>t, ^ 

tt^-rnfcC. Mn, Cr, Ni. M0OMIWI6 
WffifflfiK&S. ifflSl l-16©Sifc,t^S 

*S*tt. ±iK 1 ©SiJ£©JIS&©J&S£©$?3iffiB 
(Si^l. 0wt%, SS0. 0 2wt%) 

[0129] 
[«8] 











CSft%) 








C 


Si 


Mn 


Ni 


Cr 


Ho 


11 


0.33 


0. 45 


0. SO 


0. 0B 


i. 48 


0. 85 


12 


0. 32 


0. 42 


LOO 


0. 09 


1.50 


0.99 


13 


0.33 


0. 22 


0.81 


0. 31 


1.48 


I. 01 


14 


0.35 


0. 44 


1. 15 


0. 50 


0. 99 


0. 98 


15 


0. 33 


0. 22 


0.81 


0. 08 


1. 48 


L. 21 


16 


0. 35 


0. 44 


I. 00 


0. 08 


1.20 


1.42 



[0130] cne©t>®it%9 5o- cx'smmmfc 
xuifft. sisttSAa seB*jaT©6 5(r c-c-mr 

tCSflnfifg, *A*lSMfc«HI*liL.fc&. 16 0° CT 
2 B$p a l * R L ®S * ft U fc. 
[0131] &t^J+W*iftl£®5£m>. 

<3ffiU IRiH*^fSa»K:«fc454-nfi«r«ytS«:«i:»3 

[0132] ! B *MSiao14^©iEiillD ; Sr!eSC'fcff|lJ[± 

fc«. EPMA (ft*§!f[3Jf«EPMA- 1 6 00) K 



<fc0C. Cr, Mo©&^G5*IK:o!,>-t®##f£fT<A. K 

iv&wmmis*. ou o ffi^bt?©s»$£EB§ysstfnt<i: 

©M o SSttft^ 0/c^fc«I*M 0 a^{b«5 1 Ltlti L 
[0133] Etc. &«»mco^Tl««i£K«fc»)R 

fc„ mm&tbxteo . 2NSii5%i'i>igs© 

SSSlOmA/cm' TlilL, ItSm^^HHIXb 
[0134] MS»^KK». r^tcMSK J (»-JK 

50 mmssiiiiWBSB'riif n?a 1969^5^25 



C16) 

29 

a) an o - 2 i Htet£©*7* t-Bm&M&MVkzm 

[0135] 
ffiE : 4 9 0 OMPa 
HfsS: 3 0 0 0 c. p. m. 

^(=T5) :Fe, Cf^SM*K3 0 0ppm 

10 

51$ : HRC5 2 

i&il : 7 4 ~ 1 4 7 m m 

©JR«@IE»% fc T:*ft©5£*W*^£ Ufc, 
[ 0 1 3 6 ] 0 1 0 {CS^. Mfi^fft©'vAf->t-f 

M^^^-To 20 
[ 0 1 3 7 ] M 1 0 Ktel^-C. tIS«f#f^©v;U 

©J*£, ^t«}«X«lHlilf©ite», -k^O^-f h©#£ 

sits u . mo bfe kk & a, £*fw o & t» c £ 

TK $ -CllSS3B#iIff-r Mo 1Mfc{t«8Jt*S» l> 
<*9:rtrr 5 30 
[0138] tt*5. X«B*t©«S*. -?>\s7->-V-{ Y<D 
W&&& 2 0 9fi£rTC*tt*T5M o tf^fcWB. M, , C 

. t?$)-sc<!:*5Sisi/fc„ si i »ia i 0K:*ji,>fjKi*a 

0%J^T©I^mco^T, L 1( J9*£MotKK4bMJt 



WH^P 1 0- 1 68 5 1 5 
30 

[0 13 91011^1,^. Mo««{b*lJ£a«0. 2 
«±-CJWfr#:ttI{cfiLhl/. Mo1g£HM$5tb#0. 5* 

o. 5%jBjL4i#*©gft©«ii**sttfii-ri*«. eft 

tt. MoaKfb«J**fflA<tl/J*». «3©fa±«:*5l< 
&< 6 ft 3. 

[0140] tLt©iesj: 0 . m^m^mt itb. ?i 

EOMoa^b^SaJt^rO. 2-0. 5©S£B£-f 
6. 

[0 14 1] e««*©*tt"c***«. is«phf 

+ A— H#9 5%kLh£a£C£#S£L(,>„ Ufc 

#ot, tisffj#©B?Fra. ssse>'tis®}#ss^©» 
ip^fti 1,-cb. ±mutcm i ©mm*©*is©j$r©*? 
ja»H*®ffl-r a c t f)i-c * a . 

[0142] £/c. tlS^^tel/T, vjb-r>-»f >f h 
tei$©»H»#;**K:£*ft£**:tf;*»cj8iaT*a£ 

»ft©«**i»±r4fiPffl4*r4. 

©R»] a 9 \Cm Ltcmt&CDM 2 1-38 Ztm 
*6 0X6mmnSJ^SW(C^T, &©J: 5 
ST l~T5£lteb/c. CCT. ^9©i§«2 1~2 9 
B^rftfeC, Mn. Cr, Ni. Mo©Mi* s *^ 
W$5ffll*3(c&9. 3 0-3 8BC, Mn, Cr. Ni, 
Mo©dW«**aB»WCC*»MttHi1-<C»4. ate. M 
«2 1-2 9©S ite.tCJtSSSitt. ±ylbfcHll© 
»8©*Hi©JB«S©*? *Sf5H ( S i £ 1 . 0 w t %. S 
g0. 02wt%) Zffi&ZM&mttti-C^Z. 

[0143] 

[319] 



(17) 



31 



«pH¥ 1 0- 1 6 8 5 1 5 
32 























C 


Si 


Mn 


Ni 


Cr 


Mo 




21 


0. 32 


0.42 


1. 00 


O.OB 


1.48 


0.85 




22 


0.32 


0. 22 


0.81 


0. 09 


1.53 


0. 97 




23 


0. 34 


0.40 


1.00 


0. 12 


1.51 


L.00 




24 


0. 32 


0.22 


0.81 


0.08 


L.51 


1.40 


IS 


25 


0. 25 


0.45 


0. BO 


0. 50 


1.40 


0.99 




26 


0. 32 


0. 22 


0.62 


0. 09 


L 51 


0. 97 




27 


0.35 


0. 35 


1. 10 


0. 12 


1. 38 


1. 20 




28 


0. 38 


0. 41 


0. 80 


0.07 


1.88 


0. 90 




29 


0. 32 


0.42 


0. 79 


0. 08 


0. 60 


1.00 




.30 


0, 32 


0. 50 


0. 70 


0. 10 


0.40 


1. 00 




31 


0. 40 


0. 32 


i.00 


0. 09 


3. 98 


1.00 




32 


0. 42 


0. 45 


1. 10 


0. 10 


1. 51 


0. 50 


it 


3.3. 


0. 25 


0. 42 


1.20 


0. 08 


1.48 


1.70 




34 


0. 32 


0. 40 . 


0. 30 


0. 31 


1.20 


0. 90 


W 


35 


0.25 


0. 22 


1.40 


0. 33 


1. 51 


0. 98 




36 


0. 32 


0.44 


0. 73 


0. 70 


1. 00 


I. 00 




37 


o. n 


0.71 


0. 69 


0. 15 


L51 


1. 12 




38 


0. 65 


0. 22 


0.72 


0. 12 


1.22 


0.95 



[0144] «IT1] 9 3 0-95 0' Ct«j6 
m?S R x iJTs + x > U v 9 ©tiat ?S^% fir o fc 

^V. 8 3 0-8 6 0° CC3 OfrM®S$Lfc'&. MA 

[HWHT2] 9 3 0-9 5 0° Crfa6 IKSMR 

+ x>y v ^#*(D#B»rSRS:?T -?ft'&. mu&~c 30 

&i% (%mtfj±<Dfc#>mmnmm,ip*v 3 o - 5 o • c/ 

H r (Dft&mmcmm U ^^r, 8 3 0-8 6 0° 

c*c3o»fflff^L/di, SAn (Wfcjaa) 
#ci>t\ 1 6 0-2 0 0° ct2W©«Si^fD 
fc. 

[f»«kHIT3] 9 3 0-9 5 0° 0^6 BSffflR x#X 

+x>y v*i3*<om- H»-c»K*tf ofc», 

fflC&U 8 3 0-8 6 0° Ct3 0«}$L 

fcfIL iAn (BMfc#Hl> *frC^ 16 0-2 

0 0° C r 2 B#|fflC0#SB5 U -a fco 40 
[MIT4] 9 3 0-9 5 0° CtS6fflRx^ 



ttteU ^^"C, MfR#HSW6 5 0-6 8 0° Ct4 
i*IH©*IH«MW^*2iatf^fc. 8 3 0-8 

6 0° Ct3 0»«l«l gSAn(^b^ffi) * 
ift^ ycc*-C, 1 6 0-2 00° C"C2«im©*B6l/* 

[MIT5] 9 3 0-9 5 0° Ctft68^Rx^ 

-f x>y y 7 %r 7# *<DSH«r»jsg 

H{t*frofcSL A a MBWteiT ©6 5 0° CtcB3R# 

®£U 8 3 0-8 6 0° Ct'3 0»m^l 

/eft, ffiAti (Wbffil) *ffC>, 2tt»r. 16 0-2 
0 0° C"C2B#IB©«SRU*ffoA:. 
[0 145] cn6©«k^Tl^T5Sr*LfcH»Jt 
2 l-3 8^COt>r, ilfil^CUTMoft^'MtS: 
MJEU £fc> ^«K*ffo/c. SlOS^l ltc 

(t i -t 5 ) . mm2 i -3 8 , mmji%T 

AXIOM oaKlbWttacXLa.^tmT. 
[0146] 
[«1 03 



(18) WmW- 1 0 - 1 6 8 5 1 5 

33 34 





•tin la 


£812 


M o &£Hb$ 












(X10 8 cycle) 








0. 23 


2S. 1 






22 


0. 3B 


35.4 






23 


0. 38 


36, 3 




Tl. 


24 


0. 48 


38. 0 




25 


0. 43 


35. 2 






26 


0.32 


30.8 






21 


0.43 


39. 7 






2& 


0. 29 


29.8 






2? 


0. 33 


32.5 






2t 


0. 25 


28. 5 






22 


0.35 


32. 1 


% 




23 


0. 36 


38. 1 




T2 


24 


0. 45 


39.2 




25 


0.43 


39.0 






26 


0. 32 


32. 5 






27 


0. 40 


38. 6 






2 5 


0. 29 


36. 5 






A 7 


0. 29 


33. 3 






21 


0. 25 


30. 8 






22 


0. 29 


34. 9- 






23 


0. 32 


38.5 




T5 


24 


0. 43 


41.0 




.25 


0.31 


36. 1 






26 


0. 30 


38.0 






27 


0. 39 


37.6 






2* 


0. 29 


39.4 






m 


0. 33 


35. 5 



[0147] * * [*1 1 3 







mm 














(X10 6 cycle) 






50 


0. 08 


4.5 






Jl 


0. 10 


6. 2 






n 


0. 08 


5.4 




Tl 


33 


0. 15 


6.3 




34 


0. 08 


3.9 








0, 23 


3. 3 






3.6 


0. 27 


3.2 






37 


0. 24 


2. 7 






35 - 


0. 05 


6. 7 






2! 


0. 04 


6.8 






22 


0. 05 


7. 1 


Hs 




23 


0. 06 


8.9 




T3 


24 


0. 01 


9.5 


25 


0. 03 


6.5 


« 




26 


0. 04 


7.5 




27 


0. 03 


1.2 






28 


0. 11 


9.3 






29 


0. 09 


7.5 






21 


0. 09 


9.3 






22 


0. 10 


9.2 






23 


0. 12 


10. 1 




T4 


24 


0. 18 


11. 2 




25 


0. 12 


10. 8 






2t 


0. 10 


9. 4 






27 


0. 13 


9. 3 






2& 


0. OB 


11,0 






2<? 


0. 09 


9.9 



[ o i 4 8 1 t i mmm) - 2 1 mm) 

9, T2-2 1-T2-2 9WT5-2 1-T5-2 
9 te#mW<DmMmv$> *) s T1-30-T1-38, 
T3-2 1-T3-2 9&OT4-2 1-T4-29K 



[0149] H5fc0UT 5-21 -T 5-29 \t&tffi&m 

*cftl*. MotM{b*aVMotwiiafb«!*>**tir*i 

50 ^ SlO0T5-21-T5-29©Mo Mmtmtl 



(19) 

35 

mimRvmmimco^w&micttT sm o M^t 

ft, M o ^W^ftftROTvl o ^g^ibft©®^© 
it) rlMil/"Ct»*. C©J:5tcfflR*ftSDr-5Citc 

^$E#9iN^ft±£0SC £#■?#£. L.^ot. 
L„^(cot>tfeT 1 - 2 1 ~T 1 -2 9 (.mm.) £ 
T5-2 1-T5-29 (g^Ste) *J*«r S £ . !i 

$i4otl,iSC<!:*!^*S. 10 
[0150] HJSfflT 2-21 ~T 2-29 ««e*&. 

j^?*Lfc»^-c*o. m o mmitmiizn < . L^JNfr 

[0151] J£$04T 1 - 3 0 ~T 1 - 3 8 Bls-fnfc 

$> rj , L,.**ttSl>. T 
1-30 \xm\\MBlSjt%rQS> 4Cr SW*&J4>& < T 
^fc*©*rH«a%J>«t»f»fclt>. T 1 - 3 lttC r *J»*J 

&t,>fcs>. -eti-en^*^{c/i^/ct*^.6n.5. ti 

- 3 2 BM o $f i^Id>t* S fcfe-b^ > $ ^ h^tc 
M o #Hig L/T L/ £ t> . C n&c iOMo fflsSH Witttfi'b 
$<tj:-oXm.m-^ttj:r>tc, T 1 -3 3«Mo£iifijK: 
SWi,rc»-Sfc«t>. &#yi&#T l ©1tia«^FH© l 

H** & tt 6 fc lr» C £ *» fcM o t&ifctf^S < 0 . 
SSfW^TSL-fc. Tl-34, Tl-35tiUmfeM 
o^fbftitttft^* 5 , T 1 - 3 4ttMnMtW 

*) . —-fi. T 1 - 3 5 «MntWl*5iiiSJfS§*-^ 

tta^fc. T 1 - 3 6 W:N i #Wfi#ifflW-Cg|S;i— * 
f-i- 4 W3*ifiTUfJS**K:tt 
ofcitx.^^. T 1 - 3 7 liC^WfijW&^-CeSHb 
«fO*ftH*3&y>«cl»fc«WS**K:tt«3 . T1-3 8BC 

*rffll,fc-fe;0*-f l«i*UCMoJ&JH*L"CMo«&{t8! 

[0152]J:tljiMT3-21-T3-29li, Mof 40 

£{bftJ±#^Wc£b-<T/h;* < > cn 
a. g»«Jt **r\ idc»i/fca«:«Atiw^fc 
ms£*t ofc/cto, MoaflHb«i©*Tm»**^i5c<. + 

[0153] ktimr 4 - 2 1 ~T 4 - 2 9 tt. 

ism^^nr,tci^-vs,ii)\ mmr 3 - 2 1 ~t 3 



#H? 10-168515 
36 

t,>S#. ^HjfiH^-c* <3 . JMtfifi©»Al*/hS 
lr». MoS!£<bf!J±£#^ffiH&cr5SC«:. SKI, 

[0154] 

t %Bj©55bm ] ±i&<Dwm frbwt>&te£5ic> mum 
1 ©n^cctm*. »K*4t>«aE^SfbK «ts*Bw 

ib^^®«L/-cgii$n-5»iM!:ffiD D D ^Jbn-r 1 fi£*©l£ 
#£^©g$^fflL-TS^T-i*££itiC. &a$IH0&S 

05 C £ *i"C* 5 £ 5JSl**sff 6n5. 
[0155] motMtMc&ZSim-Citi ftrelc^iJg 

^^b^ccaim©S(^«:?f o-c «fc vm^oimm-cWL 

[0 1 5 6 ] JH3©SW«:«4*WCtt. Mo^ftas* 
«Dt{bLT-fe^>^^ hJ;HH«»Mo^ 

t?M,,c, ^^bftw^tb^ffiit-a-Lto-cara/s?:^ 
terse ±:wr**©T\ SftgAS^rsjs#^i£*s 
0 ««r s c £ #-c # s £ 1 »s e» n s . 

mi ] fE4>©7kst©^££fifi£©w^£^r^ 

[02] »i*i©*«<oaauiiiajS£©H«*^r* f 5 

[03] **©**aySiv;l/^>-9--f F®S^£©W 
[04] F«"5'Jl'f->-9-^ h^Si^rSfcJ*©^? 
[0 5] ii©CCT0-CS,S„ 

[06] *3R©3affu-«»rt»apffi*ittiBr4fc«&©ttw 

0T*S„ 

[0 7 ] 3g^ai*K«©«0-CS>S. 
[08 ] «^B#raT 1 0 0Hr©i*©v;l,f>t-{ H 
«*i^R»**iOW« i Sr*r^7ia'C*S. 
[09] ifttt. ?a^^bB#^£^Ffifl^£©M^^ 

r^*7-70-c*So 

[010] vjUT-^lfw' hffiS^£^ n a D*ffi^©M o 
a^{bfthb£^B5^ ; &^r^5 70r'*>S < , 
[011] ?t)S;D a D ^E)i©MomMbfti:b£L 10 *^£ 

©M^*^r^7 7 0-e4>s. 



C20) 



1 0- 1 6 8 5 1 5 




MM¥ 1 0 - 1 6 8 5 1 



CH3 J 



• B5 

• A6 



■ BIO 

1 < fAI 0 , 



A8 



>C15 
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I 
I 

I 



CS 



A 

A4 



10 15 



D1C A 



IK 

DB 
Do 
C4 



B6. 
A 



C5 A 



20 



84 



25 



[i4] 
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0.6 
0.5 
0.4 
0.3 

I 

02 
OA 
0 
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Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 



□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 
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